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What do we know about the subject matter of this study?

Insulin-like growth factor 1 (IGF-1) is the main mediator of fetal
growth. In preterm infants < 1500 grams or < 32 weeks at birth,
an association has been observed between low levels of this factor
and some morbidities such as bronchopulmonary dysplasia, retino-
pathy of prematurity, intraventricular hemorrhage, and impaired
brain growth and development.

What does this study contribute to what is already known?

We present the first study to measure serum levels of IGF-1 in very
low birth weight preterm infants in Chile. The association between
low IGF-1 levels and bronchopulmonary dysplasia, late neonatal
sepsis, and patent ductus arteriosus is demonstrated. These results
provide the basis for multicenter studies to determine the associa-
tion of IGF-1 with other neonatal morbidities in our country.
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described between low levels of IGF-1 and the development of some morbidities such as bron-  IGF-1;

chopulmonary dysplasia (BPD) and retinopathy of prematurity (ROP) in newborns weighing less ~ Newborn;
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serum levels of IGF-1 and morbidity in premature infants. Patients and Method: prospective ob-  Retinopathy of
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mean gestational age and birth weight of the newborns were 28.7 weeks (range 24-32) and 1248
grams (range 680-2100), respectively. There was an association between low IGF-1 levels and BPD
at 15 and 30 days (p = 0.035 and 0.018); with late sepsis at 15 and 30 days (p = 0.038 and 0.010),
and with hemodynamically significant patent ductus arteriosus (hs-PDA) at 30 days (p = 0.03).
No association of low IGF-1 levels with other pathologies was found. Conclusion: There was an
association between low postnatal IGF-1 levels and BPD, late sepsis, and hs-PDA. New prospective
studies are required to corroborate these results and the association between low IGF-1 levels and
other neonatal morbidities.
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Introduction

Insulin-like growth factor 1 (IGF-1) is a small pep-
tide composed of 70 amino acids with a molecular
weight of 70 Daltons and a molecular structure sim-
ilar to proinsulin’. In plasma, approximately 99% of
IGF-1 forms complexes with one of its 6 binding pro-
teins (IGFBP), with IGFBP-3 being the most abundant
(80%)". Liver is the main producer, and its receptor is
a specific tyrosine kinase, which is present in various
tissues, including the nervous system, endothelial cells,
skeletal muscle, lungs, bones, cartilage, kidneys, liver,
skin, and hematopoietic stem cells'.

IGF-1 regulates cell differentiation and growth
through modulation of DNA biosynthesis and is one
of the activators of the protein kinase B signaling path-
way that stimulates cell proliferation® In addition, it
has insulin-like effects and is involved in glucose and
lipid metabolism”.

During fetal life, serum IGF-1 levels are regulated
by the supply of nutrients from the mother to the fe-
tus, which continuously receives a diet high in carbo-
hydrates and amino acids’. Its action is mediated by
the glucose-insulin axis, which allows a rapid response
to nutritional fluctuations®. IGF-1 production begins
in the first trimester of pregnancy, increasing signifi-
cantly during the third trimester, when accelerated fe-
tal growth occurs®’. Fetal IGF-1 concentrations have
been evaluated in samples obtained by cordocentesis
between 20 and 42 weeks, where it can be established
a linear relationship between serum levels and birth
weight and gestational age®.

In preterm infants, especially in very low birth
weight (VLBW) infants or those weighing < 1,500
grams, there is a rapid decrease in serum IGF-1 con-
centrations, which reach an average of 10 ng/ml after
birth, unlike what occurs in the fetus with gestation-
al age between 23 and 30 weeks postmenstrual that
maintain levels over 50 ng/ml**. This decrease is mul-
tifactorial and is related to the adequate availability of
nutrients, insulin action, hypoxia episodes, and the
presence of proinflammatory cytokines®**.

For VLBW infants, growth in the early neonatal
period is critical, and adequate weight-length devel-
opment has been associated with improved short- and
long-term outcomes’. Serum IGF-1 concentrations
correlate positively with weight, length, head circum-
ference, and ponderal index®’.

Several studies have described an association be-
tween persistently low serum IGF-1 levels and the de-
velopment of some morbidities such as bronchopul-
monary dysplasia (BPD), retinopathy of prematurity
(ROP), intraventricular hemorrhage (IVH), necrotiz-
ing enterocolitis (NEC), impaired brain development,
and impaired growth in VLBW newborns>°.
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Hypothesis: Low IGF-1 levels are related to some
morbidities, such as BPD and ROP.

The objective of this study was to determine the as-
sociation between serum IGF-1 levels and some mor-
bidities in VLBW infants.

Patients and Method

Prospective observational study in 40 very low
birth weight preterm infants (< 1,500 grams and/or
< 32 weeks of gestational age), born at the Hospital
Guillermo Grant Benavente (HGGB) of Concepcion
and hospitalized in its neonatal ICU of the Neonatol-
ogy Service, in a 10-month-period from September 1,
2020, to June 30, 2021.

Patients under 24 weeks of gestational age and/or
under 500 grams at birth, neonates with major mal-
formations and/or chromosomopathies, and patients
transferred to another healthcare center or who died
before 30 days of life, in whom it was not possible to
complete the sample collection, were excluded.

Preterm infants who met the inclusion criteria un-
derwent measurement of serum IGF-1 levels on the
first day of life and subsequently at 15, 30, and 45 days.
For each test, 0.8 to 1.0 ml of venous blood was col-
lected, centrifuged, and stored at -20°C in the central
laboratory of the HGGB, to be processed once a week
with the enzyme immunoassay method (Immulite®
2000 IGF-1, Siemens Healthcare Diagnostics Ltd.).

In all the preterm infants in the study, an active
search for pathologies associated with prematurity
was performed according to the protocol of the Neo-
natology Service of the HGGB, through the following
interventions: echocardiography between 24 and 72
hours postnatal for diagnosis of hemodynamically sig-
nificant patent ductus arteriosus (hs-PDA), according
to echocardiographic criteria'!, transfontanellar ul-
trasound during the first 72 hours postnatal and later
at 7, 14 and 30 days, looking for lesions such as IVH
and periventricular leukomalacia (PVL); serial fundus
examination through indirect ophthalmoscopy from
4 weeks of chronological age, for detection and fol-
low-up of ROP.

A record file was prepared to register the data of
each patient enrolled from birth to 45 days of life. De-
mographic characteristics, indicated treatment, and
diagnosed morbidities were recorded, such as BPD
according to the 2001 criteria of the National Institute
of Health (NICHD)'%; ROP according to the interna-
tional classification'?; late sepsis, defined by the dete-
rioration of clinical status and positive blood culture;
confirmed NEC (Bell’s stage > II); IVH according to
Papile’s classification', and PVL according to Linda de
Vries’ classification®.
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The study was approved by the Scientific Ethics
Committee of the Concepcién Health Service and all
patients’ parents signed informed consent.

For the description of qualitative variables, propor-
tions and frequencies were used; quantitative variables
were analyzed with their mean and standard deviation
(SD) or median and range according to the nature of
the variable. The Kruskal-Wallis test was used to com-
pare the mean IGF-1 values at the different measure-
ment times, and the differences between each time
were adjusted by Bonferroni. To evaluate the associ-
ation between each morbidity and IGF-1 values at 24
hours, Mann Whitney U analysis was used (non-nor-
mal distribution) and for the analysis of 15, 30, and 45
days, the T-Student test was used. A p < 0.05 was con-
sidered significant. SPSS statistical software version
28.0 (IBM) was used for data analysis.

Results

During the study period, 78 preterm infants less
than 32 weeks and/or less than 1,500 g at birth were
eligible, 40 of them met the inclusion criteria (figure 1).

Mean gestational age and birth weight + SD were
28.7 £ 2.0 weeks (range 24 - 32) and 1 248 + 308 g
(range 680 - 2 100), respectively. There was a slight
predominance of male gender (22/40; 55%) (table 1).

Among the treatments administered to the moth-
er, 95% of them received antenatal corticosteroids and
52.5% received antibiotics before delivery.

The median and range of invasive mechanical ven-
tilation and non-invasive ventilation were 1 (0-135)
and 6 (0-83) days, respectively, and the median and
range of oxygen therapy were 12 days (1-180) (table 1).

Table 2 shows the morbidities found in the VLBW
infants, highlighting hs-PDA in 62.5%, BPD in 40%, and
ROP in 30%. Only 1 newborn who met the inclusion
criteria died before hospital discharge due to NEC that
progressed to Bell’s stage III B, at 65 days of life.

In relation to serum IGF-1 levels, a progressive in-
crease in its values was observed as postnatal age in-
creased, with mean levels + SD of 16.5 + 4.0 ng/ml at
the end of the first day of life, 27.8 + 11.5 ng/ml at 15
days, 35.7 + 17.6 ng/ml at 30 days, and 37.2 + 14.4 ng/
ml at 45 days. The increase in IGF-1 between 24 hours
and 15 days of life was statistically significant (p <
0.001), a situation that was not observed in subsequent
measurements (figure 2).

Table 3 shows the association between the most
frequent morbidities in VLBW infants and IGF-1 lev-
els at 24 hours and at 15, 30, and 45 days of life. Lower
IGF-1 levels were observed in patients with BPD at 15
and 30 days (p = 0.035 and 0.018). These neonates also
had lower IGF-1 levels at 45 days of life, but without
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statistical significance (p = 0.078).

Preterm infants with late sepsis had lower IGF-
1 levels at 15 and 30 days (p = 0.038 and 0.010) com-
pared with those who did not develop sepsis. Neonates
with hs-PDA also showed lower IGF-1 levels at 30 days
(p =0.03).

No significant association was found between low
IGF-1 levels with ROP, IVH, PVL, and NEC in any of
the periods.

Discussion

In this prospective observational study, we found
persistently low serum IGF-1 levels in the first weeks
of life in newborns < 1,500 grams and/or < 32 weeks
of gestational age. However, these values increase with
increasing postnatal age, reaching a mean of 37.2 ng/
ml at 45 days of life, which is below IGF-1 levels mea-
sured in cord blood between 24 - 32 weeks of postmen-
strual age (average 58 ng/ml), being higher than 100
ng/ml over 33 weeks*. Lineham et al.'® describe low
serum IGF-1 concentrations on the first day of life in
both preterm and term neonates. In preterm newborns
younger than 33 weeks, a slow increase in these levels
is observed until approximately 44 weeks of postmen-
strual age; in contrast, in term infants, the increase in
IGF-1 is rapid and occurs between 10-15 days of life's.
It has been shown that persistently low levels of IGF-1
between 30-33 weeks postmenstrual age are associated
with the development of ROP and other severe post-
natal morbidities, such as BPD, IVH, and NEC!%1718,

In this study, we observed that neonates with BPD
had significantly lower IGF-1 levels at 15 and 30 days
of life, a decrease that remained at 45 days, but without

Figure 1. Study flow chart. VLBW: very low birth wight; NBs: newborns.
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Table 1. Demographic characteristics perinatal history and
treatment received

Characteristics N =40
Male. n (%) 22 (55.0)
Gestational age. weeks (mean + SD) 287 2.0
Cesarean delivery. n (%) 27 (67.5)
Birth weight. g (mean + SD) 1.248 + 308
Birth height. cm (mean = SD) 379+34
Head circumference. cm (mean + SD) 269+22
SGA. n (%) 6 (15.0)
Apgar score 1 min. median (range) 7 (1-9)
Apgar score 5 min. median (range) 8 (4-9)
Antenatal corticosteroids. n (%) 38(95.0)
Antenatal antibiotics. n (%) 21 (52.5)
PROM>18 hours. n (%) 12 (30.0)
Treatments

Surfactant. n (%) 28 (70.0)
Days of invasive mechanical ventilation. median (range) 1 (0-135)
Days of non-invasive ventilation. median (range) 6 (0-83)
Oxygen days. median (range) 12 (1-180)
Oxygen at 28 days. n (%) 17 (42.5)
Postnatal antibiotics days. median (range) 3 (0-41)
Vasoactive drugs days. median (range) 0 (0-14)
Parental nutrition days. median (range) 7 (0-27)

SD: Standard deviation; SGA = small for gestational age; PROM: pre-
mature rupture of membranes.
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statistical significance.

In relation to serum IGF-1 levels and lung devel-
opment, it has been demonstrated in animal models
that IGF-1 is essential during prenatal lung growth and
organogenesis'®. The cells responsible for local IGF-1
synthesis in the lung are type II pneumocytes, alveolar
macrophages, and mesenchymal stem cells'**.

Preterm newborns have incomplete lung develop-
ment and, in extremely preterm infants, their associa-
tion with different postnatal noxae that affect the lung
can lead to BPD, which is the main respiratory sequela
of VLBW infants which has increased in recent years,
despite important advances in perinatal and neonatal
care and extensive postnatal research?'. Our results are
consistent with the findings of Lofqvist et al.'/, who re-
port lower serum IGF-1 concentrations between 3-21

Table 2. Morbidity observed in 40 preterm newborns

Retinopathy of prematurity. n (%) 12 (30)
Bronchopulmonary displasia. n (%) 16 (40)
Intraventricular hemorrhage. n (%) 9(22.5)
Periventricular leukomalacia. n (%) 8 (20)
Necrotizing enterocolitis. n (%) 4(10)
Hs-PDA. n (%) 25 (62.5)
Early sepsis. n (%) 4(10)
Late sepsis. n (%) 12 (30)
Death before discharge. n (%) 1(2.5)

hs-PDA: hemodynamically significant patent ductus
arterio<sus

Figure 2. Mean IGF-1 levels +
SD in different postnatal periods.
IGF-1: insulin-like growth factor
1, SD: standard deviation

*p <.001. significant increase
in IGF-1 between 24 hrs and
15 days.
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Table 3. Association between neonatal morbidities and serum IGF-1 levels (ng/ml) at 24 hours, 15, 30 and 45 days of life

ORIGINAL ARTICLE

IGF-1 24 hours IGF-1 15 days IGF-1 30 days IGF-1 45 days

Morbidity Yes No p-value Yes No p-value Yes No p-value Yes No p-value

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

ROP 15.8 16.9 0.361 242 293 0.152 28.6 38.4 0.106 324 39.1 0.121
(2.1) (4.6) (12.5) (11.1) (19.7) (16.4) (13.6) (14.6)

DBP 15.8 16.9 0.654 233 311 0.035 27.8 40.2 0.018 323 40.2 0.078
(1.8) (4.8) (12.0) (10.3) (13.6) (18.3) (15.3) (13.3)

HIV 18.4 16.0 0.895 27.4 27.9 0.467 343 36.0 0.389 36.0 37.4 0.410
(8.0) (2.1) (15.4) (10.8) (12.3) (18.8) (11.9) (15.0)

LPV 18.2 16.0 0.545 30.9 27.2 0.305 31.2 37.2 0.168 31.9 38.4 0.127
(7.5) 2.1 (14.4) (11.1) (13.3) (18.8) (11.0) (15.0)

ECN 15.0 16.6 0.363 25.7 28.1 0.400 26.7 36.6 0.211 40.9 36.6 0.357
(0.01) @.1) (17.0) (10.9) (17.0) (17.7) (20.5) (13.7)

hs-PDA 15.7 12.6 0.523 26.8 29.0 0.298 31.5 422 0.033 35.4 40.5 0.174
(7.2) (9.0) (12.0) (11.2) (19.0) (13.4) (14.7) (13.8)

LOS 15.7 16.9 0.373 22.5 30.7 0.038 26.1 39.9 0.010 32.7 39.3 0.141
(1.8) (4.7) (12.4) (10.2) (12.7) (18.0) (16.3) (13.3)

ROP: retinopathy of prematurity; BPD: bronchopulmonary dysplasia; IVH: intraventricular hemorrhage; PVL: Periventricular leukomalacia;
NEC: necrotizing enterocolitis; hs-PDA: hemodynamically significant patent ductus arteriosus; LOS: Late onset sepsis; SD: standard deviation.

p <0.05.

days postnatal and 30-33 weeks postmenstrual in ne-
onates who developed BPD, regardless of gestational
age and birth weight.

The analysis of this study showed that in the total
group of patients with ROP, there was only a tendency
to have lower IGF-1 levels.

Retinopathy of prematurity is a vasoproliferative
disorder of the immature retina that mainly affects
VLBW infants, being the main cause of infant blindness
in developing countries; also, an association has been
demonstrated between the development of ROP and
IGF-1 levels'®*. In the pathogenesis of ROP, it has been
observed that in phase I, there are usually low levels of
IGF-1, therefore, the neonate must maintain normal
levels of this factor to avoid the development of this pa-
thology®. Several studies have related the presence of
low IGF-1 levels at 3 weeks postnatal and between 30-
33 weeks postmenstrual with ROP, especially in its most
severe forms'®%>%,

Based on these findings, algorithms have been
developed to predict the development of retinopathy
from gestational age, birth weight, serum IGF-1 lev-
els, and postnatal weight gain*?. In this study, we
found no association between ROP and low IGF-1 lev-
els, which could be due to the low incidence of severe
retinopathy (N = 3), being the most closely related to
low levels of this growth factor. When performing a
subanalysis of IGF-1 levels in this group, significantly
lower levels were observed; however, since the sample
size was very small, we cannot draw any conclusions.

Our study also demonstrated lower IGF-1 levels
at 15 and 30 days in patients with late onset sepsis. In
neonates with sepsis, it has been shown that proin-
flammatory cytokine levels are elevated®. Clinical tri-
als in pediatric and adult populations with sepsis have
demonstrated alteration of the somatotropic axis with
increased growth hormone and decreased IGF-1 and
IGFBP-3, compared with healthy controls®**'.

In a study in children with septic shock, IGF-1 was
markedly decreased and, at the same time, elevated
levels of proinflammatory cytokines such as interleu-
kin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a)
were observed®. In a recent trial in VLBW infants,
which evaluated levels of proinflammatory cytokines,
low levels of IGF-1 were found concomitant with el-
evated levels of IL-6 between 5 - 8 weeks postnatal®.
Another study in extremely preterm infants who re-
ceived continuous infusion of recombinant human
IGF-1/IGFBP-3 complex (rhIGF-1/IGFBP-3) showed
that low serum IGF-1 levels were preceded by high lev-
els of IL-6 and IGFBP-1**. The mechanisms through
which proinflammatory cytokines decrease IGF-1 lev-
els are unclear, but it is proposed that this may be relat-
ed to an increase in vascular IGF-1 clearance. IL-6 and
other proinflammatory cytokines have been shown to
increase the production of IGFBP-1 and induce pro-
teolysis of IGFBP-3, increasing the proportion of free
IGF-1. IGF-1 forms a smaller complex with IGFBP-1,
which can leave the vascular compartment®. This
could explain the low serum IGF-1 levels found in our
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children with sepsis.

In this study, an association between hs-PDA and
low IGF-1 levels at 30 days of life was also observed.
We found no reports on this association in the liter-
ature and believe that other factors that may be con-
tributing to the high rate of hs-PDA found and to the
persistence of low serum IGF-1 levels in these patients
should be reviewed locally.

From the neurological perspective, low IGF-1 con-
centrations have been associated with reduced head
circumference growth®, increased risk of IVH, and
neurodevelopmental impairment in preterm infants®.
In this study, there was no association between low
IGF-1 levels and IVH or PVL. Long-term follow-up
would be important to determine the possible associ-
ation between IGF-1 levels and neurodevelopment in
the population.

An association between persistently low IGF-1 lev-
els and increased risk of developing NEC has also been
described, but this study did not find this association. At
the gastrointestinal level, IGF-1 promotes cell growth,
participates in healing, and has anti-inflammatory prop-
erties””. Animal studies of NEC using a mouse model
demonstrated that administration of IGF-1 before the
injury resulted in decreased epithelial cell apoptosis and
improved survival of the affected rats®.

Considering the importance of IGF-1 in postna-
tal development and its association with severe neo-
natal pathologies, exogenous administration of IGF-1
through the rhIGF-1/IGFBP-3 complex is being evalu-
ated as a treatment for premature patients. Some pre-
clinical models support associations between IGF-1
and complications of prematurity. In mice, the absence
of IGF-1 delays normal retinal vascular development®
and the administration of rhIGF-1 reduces the risk
of oxygen-induced retinopathy®. In addition, the ad-
ministration of rhIGF-1 in a hyperoxia-induced BPD
model decreases signs of disease in neonatal rats®.

Phase I and II randomized controlled clinical tri-
als (RCTs) on the pharmacokinetics and safety of
rhIGF-1/IGFBP-3 revealed no significant adverse
effects**2. A clinical trial on the administration of
rhIGF-1/IGFBP-3 from birth to 29+6 weeks postmen-
strual age in newborns with gestational age between
23-27 weeks showed no difference in the incidence of
ROP. However, a significant reduction in the incidence
of severe BPD was demonstrated in this group of ne-
onates (53%). This study also showed a trend towards
lower grades 3 and 4 IVH*. Another RCT (Identifier:
NCT03253263)* is currently ongoing to evaluate the
efficacy of rhIGF-1/IGFBP-3 in the treatment of BPD
in VLBW infants, and it is believed that the results of
this study may provide a solid basis for the future treat-
ment of BPD with this growth factor.

One of the strengths of our study is that it is the
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first to evaluate serum IGF-1 levels in preterm new-
borns in Chile and lays the foundations for multicenter
studies in our country.

Regarding the limitations, the small size of the
population analyzed stands out since patient recruit-
ment began during the SARS-CoV-2 pandemic and
there were restrictions on visits to neonatal patients,
which made it difficult to obtain informed consent and
to recruit a larger population of neonates. Also, we
initially considered weekly monitoring of IGF-1 con-
centrations, but given the low birth weight and gesta-
tional age of the population analyzed, it was decided
to collect only 4 samples together with the tests that
are usually requested in premature infants to evaluate
nutritional and metabolic status.

Conclusions

This study demonstrates the presence of persistent-
ly low serum IGF-1 levels during the first postnatal
weeks in preterm infants.

An association was found between low postnatal
IGF-1 levels at 15 and 30 days with the development
of BPD, at 15 and 30 days in preterm infants with late
sepsis, and at 30 days with the presence of hs-PDA. No
association was observed between low IGF-1 levels and
other neonatal morbidities.

Multicenter studies with a larger number of pa-
tients are required to corroborate the association be-
tween low serum IGF-1 levels with BPD and to eval-
uate its association with ROP in the population of
VLBW infants in Chile.

Increasing serum IGF-1 levels in VLBW preterm
infants by the administration of the rhIGF-1/IGFBP-3
complex could help prevent BPD and other serious
neonatal morbidities.
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